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INVESTIGATION OF SPOILER AILERONS FOR USE AS SPEED BRiKES
OR GLIDE-PATH CONTROLS ON TWO IVACA 65-SERIES WINGS -

‘ EQUIPPED WITH FULL-SPAN SLOTTED FLAPS ‘

By TACK E’tSCHEL and JAMES 31. WATtIOS

SUMMARY

A wind-tunnel inwiigation wae tide to determine the char-
chwi.stim ofspoiler aileron.e“u~eda~ speed brakes or @M+path
contro18 on an N.4C.4 66–210 mung and an AT.4CA 652–215
tmkg equipped with jidkpan 8[Offed~ap8. ~e~eral p[Ug-aikrOn
and retractable-aileron con~ration8 were in regtigated on the
tu~owing models with the full-span jlap8 retracted and deflected.
TeS8 were made at ratio-us Mach nurnber8 kt~een 0.15’ and
0.71.

The results of thi~ investigation hate indicated that the we of
plug or retractable a.i[eron8, either alone or in conjunction m“~h
wing$aps, as speed brakes or glide-path controls is feasible and
re~ effective. . In an illu~tratire example, the estimated time
regyuiredfor de8cen~of a high-performance airplane from -$0,000’
jeet wa8 reduced from II?.S rnin.ute8 to 83 nu%&e8. The plug
and retractable aileron8 irwesiigated, when u8ed a8 speed brake8,
had only a. small effect on the wing p“tching “moments. me
rolling effectire-ne8sof the aileron8 will not be impaired bg wch
use and 8hould be a8 good a8 the effectirene88 when the ailerons
are projected in normul manner from the retracted po@ion.

INTRODUCTION

one of the Iess obvious but ne-m-theleas impormnt needs
of the high-performance military and commercial aircraft
currentIy in use or in the &sign 6tage is that” of utilizing
suitabIe detices as aerodynamic speed brakes or gIide-path
controls, or both. Speed brakes and glide-path controls are
beneficial for airc-raft under -wmiouanorzmd or emergency
operat@ conditions, such as: a rapid descent from high
altitude while airplane sp;ed is being limited, IancLingon short
runwa~ over obst;cles, reducing speed rapidIy to increase
the firii dlic-iency of iighter aircraft, and so forth. For the
high-performance aircraft, the use of fuLspan sIotted flaps
and spoiIer la.teral-cent.rcddevices would be particularly
beneficial for providing ‘high lift foi kmding and take-off as
weII as adequate lateral control. In order to ob-i-iate the
necwi@ of including additiond devic& on the airplane, the
use as speed brakw of spoiIer a.ilerom, either alone or ‘k con-
junction with s~otted flaps, was reported in reference 1 ancl
was shown to be satisfactory. By means of suitable linkage,
the slotted flaps can be deflected and the spoiler ailerons on

,

both wing semispans can b: prcjected equally above the w&.
to act as speed brakes or glide-path controls; and in either the
neutraI or an e-xtendectposition, the ailerons can at the same
time be operated differentially by movement of the control ._ .:
stick to provide lateral coqtrol.

The lateral contrcd characteristics of -rariousspoiler ailerons
on unswept wingg have been presented previously (for
example, see references 2 to 7); howe~er, the aerodynamic”
chmacterktim of these a.ikrons pertaining to their use as

speed brakes or glide-path contrcds - have sddom been
presented.

In order to provide some information on the characteristics - .._
of pIug and retractable aderons when used as speed brakes or
gIide.-path controls, tie incremental -dues of Iift, drag, and
pitching-moment coefficients obtained at mwious aileron -. ‘“.
projections and flap deflections during the in~estiggt:ions of _
references 3 to 5 are presented herein. These data were
obtained thro~~h a large mgIe-of-attack range on semisprm
wings haying NTACA 65–210 and N’ACA 65:–215 &foil ‘-”-
sectiop.s. The imrestigation v&s performed in the Lan~Iey

.—

7- by 10-foot tunnels at-various Mach numbers between 0.13 -”
and 0.71. Complete lift, drag, and pitching-moment data
of t$ese aforementioned wings with afierons neutml have . .
beeri presented in references 5 aniL8. Data illustrathg the
rolling effectiveness of the aiIeronswhen used as speeclbrakes
or gIide-path controk and a. discussion pertaini~m to the ““
application” of the incremental lift, drag, arid pit&ing-
moment data to aircraft are presented herein. —

COEFFICIENTS AND SYMBOLS

c. lift coefficient
(

Twice lift of semispan model
qs )

c. drag coefficient (D/@)
c. pitching-moment coefficient (MP/q=)

.-
.-

A increment caused by tieron projection
c, rolling-moment coefficient (L/@b)
c local -ring chord, feet ,

F wing mean aerodpmmic chord, 2.86 feet
(:Lbi’’’dfl) “-”

b twice span of each semispan model, 16 feet
Y laterzddistance from pkme of syrmnetrr, feet
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twica area of each semispan modeI, 44.42 squaw feet
twice drag of semispan modeI, pounds
rolling moment, resulting from gileron projection,

about plane of symme~, foot-pounds
twice pitching moment of semispan model about 35-

percent root-chord station
free-stream dynamic pressure, pounds per square

()foot ; p~

free-stream velocity, feet per second
indicated airspeed, miles per hour
mass density of air, slugs per cubic foot
angle of attack with respect to chord plane at root

of model, degrees
flap deflection, measured between wing chord pIane

and flap chord plane (positive when trailing edge
of flap is down), degres -.

hfach number (V/a)
Reynolds ntiber
spe6d of sound, feet per Bewmd

CORRECTIONS

All data presented are based on the dimensions of each
compIete wing.

The test data have been corrected for jet-boundary effects
according to the me~ods outlined in reference 9. The
Glauert-Prandtl transformation (reference 10) has been
utilized to account for effects of compressibility on these
jekboundary corrections. Blockage corrections were ap-
plied to the test data by the methods of reference 11.

MODEL AND APPARATUS

The right-semispan-wing models investigated with spoiIer
ai.Ierons (figs. 1, to 6) were mounted in either the LangIey
300 MPH 7- by 10-foot tunnel or the LangIey high-speed
7- by 10-foot tunnel with their root sections adjacent h one
of the verticaI walls of the tune-l, the verticaI wall thereby
serving as a reflection plane. Two wings were used for this
investigation: one wing embodied NACA 65-210 airfoil
sections and the other wing embodied NACA 652–216
airfoil sections. The winga were constructed with the same
pIan-form dimensions (figs. 1, 3, and 5) and each wing had
an aspect ratio of 5.76, a taper ratio of 0.57, and had neither
twist nor dihedral. The NACA 65z-215 wing was con-
structed with two trailing+dge sections which were used
alternately for tests of the plain-wing configuration and for
tests of the wing configuration with flaps (~. 6). The
NACA 65-210. wing was equipped with two tmiiling+dge
sections-one to accommodate the basic plug-aileron and
retractable-aileron con6gurit,ions (fig. 2) and the other to
accommodate the cimdar-plug-aileron configurations (fig. 4);
each trailing-edge section had a cut-out to accommodate the
flap in the retracted position (6J=00). A more detailed

description of the construction and mounting of the mmicls
is presented in referencm 3, 4, 5, and S.

A 0.25c slotted flap which cxtmdcd from the wing roo~
section to the 95-percent+aemispanstation was used on both
semispart wings in this invcstigation. This flap was orig-
inally designed and constructed to conform to the contour
of the NACA 65–210 wing and WM used in all invcstigw-
tions on that wing (references 3, 4, find S). Because of its
availability and satisfactory scrod.ynnmic chamctcristics, this
flap was also used in the flap-deflected wing configurations
tested on the NACA 65r215 wing (rcfcrcmce 5). Thu posi-
tions of the flap with respect to tlw wing at tho various
deflections investigated with each aileron configuration m-e
shown in @ures 1, 3, and 6. These positions were found to
be optimum, aerod~amically, for each flap deflection (refer-
ences 5 and S).

Each of the various ‘aileron canfigumtions investigated -
had a span of 49.2 percent of t~c. wing scmispan and was
fabricated from duralumin or steel sheet in five equal sp~n-
wise segments (figs, 1 to 6). T4c basic plug ailerons find
retractable aikrons on the NACA G5-210 wing had Ms-inch
perforations which removed about 9 pmmnt .of the original
aileron area (refenmce 3). Ou the NACA” 65~215 wing,
identical ailerons of varying projcctiou were used in tests
of both the plug-aileron and retmettibhwileron configure--
tions; these ailerons were fastened to the upper surface of
the wing at the 0.70c station (fig, @. Although thcae @~r=_
cms were not projected out of the wing profiIc (from the
neutral position) as they would l.min a practical airpkmo
i&allation (for example, tho confi~nwations on the NACA
65–210 wing), the configurations investigated are beIicwxl
to simulate practical airplane insttillxtions and to pmvicio
aerodynamic data represwntativcof these installations. (SCC ,
@. 6.)

TESTS .

All tests of the basic phg-ailmon, the basic relracta~lc-
aileron, and the thin-plate circuhw-plug-tiileron configure-
tiona on the NACA 65-210 wing model were performed in
the Langley high-speed 7- by 10-fooL tunnel. All t&s of
the double-wall circuIar-plug-fiilmon configuration on the
NACA 65-210 wing model and of the two aileron configura-
tions on the NACA 652–215wing model were performed in
the LangIey 3“00MPH 7- by 10-foot tmmeI.

With the flap retracted or deflected, the aerod~mamic
characteristics of each wing-aile~n configuration were de-
termined at various aiIeron projections and for several angles
of attack. Tests were made at Mac-h mlmbera between 0.13
and 0.71 (with corresponding Reynolds numbers of 2.6X10’
to 11,6XIOS, based on the wing mean aerodynamic chord of
2.$6--ft). ‘Negative aileron projections indicate that tho
ailerons were estended above tho wing upper surface.

The’ a~erage variation of RcynoIds number with hlath
number for all tests is shown in figure 7.
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RES”ULTS AND DISCUSS1OIW

EFFECT OF AUEBON B~ Oh- m“G AERODYNAMIC cHABAclmmsTIcs

I&remental data of lift, drag, and pitching-moment co-
efficients obtained at various aileron projections with the
four aileron configurations investigated ortthe NACA 65-210
wing and with the fip retiacted and deflected are pri+

. sented in figures 8 to 15. Corresponding data obtained
with the two aileron cordgurations on t-he NACA 65r215

wing are presented in @urw 16 to 23.
Incremental Iift coef30ient AC~.—The incremental values

of lift coefficient generally became more negative with in-
crease in aileron projection for all aileron configurations
and flap conditions. The” data obtained with the basic re-
tractable aileron, however, showed inconsistent trends of
revereed or positive values of ACL for d aikron project-
ions Qt various angles of attack and Mach numbers with
the flap deflected. (See figs. 11, 22, and 23.) This phe-
nomenon is ueudly exhibited by retractable aderone with
the fip deflected. A comparison of the present data with
the rolling-moment data of reference 3 to 5 shows, as an-
ticipated, that the aforementioned effects pamdkled the
rolLing tiectiveness of the aiIerons; that is, the rolling
effactiveness increased when AaL became more negative.

In general, the inerementfd values of Iift coefficient in-
creased negatively tith increases in the Mad and Reynolds
numbers and with increase in the flap deflection for all con-
figurations. In most cases, increases in the angle of attack
produced a smalI or inconsistent eflect on the values of AC~
produced by almost alI the ailerons; the thin-plate circular-
plug aileron on the NACA 65-210 wing was the onIy con-
figuration for which ACLbeoune more negative with increased
angle of attack (figs. 12 and 13).

The plug ailerons on both vcingsusualIy produced sIight,Iy
huger negative values of ACL than the retractable ailerons.
This effect. is consistent with the fact that the koII.inge&c-
tiveness usuaIIy observed for the phg aileron is greater than
that for the retractable aileron (references 3 and 5). A com-
parison of the phg-aileron and retractable-aflwon data ob-
tained on the two wings alsoi shows that more negative vaIues
of AC~ were generilly obta ned on the thicker wing. (See
&s. 8 to 11,16,19,20, and 23.)

Incremental drag coefficient ACD.—The incremental drag
data of &ures 8 to 23—which am based,on the values of drag
coefficient measured on the wings at approximately a constant
angle of attack (at the values of a tmd CLshown m the @ureG
for zero aileron projection)—exhibit certain trends t-hat
accompa&Od the Lift changes discussed ‘in the section
entitIed “Increments Iift coefMent AC~” In most cases,
the inoreruent-alvahes of drag coefficient increased with
increase in aileron projection; however, at Iarge values of
liit coeflloient with the flap deflected, an opposite trend was
exhibited over a ~t of the project-ionrang~. The vaIues of
ACD exhibited a negli@ble or inconsistent variation with
‘increasein Mach and ReynoMs numbers, except possibly at
low negative values of C. with flap retracted (figs. 8 and 10].
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111general, the values of AC. became considerably Larger(or
more positive) as the flap was deflected at a constant value
of lift coefficient; however, an increase in the angle of attack
and lift coefficient.in any fiap conf@ration generally cxmsed
a decrease in the values of ACD. This decreasein A12D became r
more pronounced with increase in aileron projection and ~th
deflection of the flap and, in some instances, particularly at
the higher lift coefficients with the flap deflected, the values
of A(?D becmne negative. An analysis of the data shows that
these tr&ds result from the small= positive increment in
piofle drag tid the larger reduction in induced wing drag
produced by projection of the ailerons as the angle of attack -
and Eft coetlicient increased. . ..—

For all practim.1 purposes, hovre-ier, some of “tie afor~’ .
mentioned ohsngee in AC~—particrdarly the decreasesin the
values of ACDwith increase in CL,and the negative values of
ACD—vrouldprobably never be realized by an airplane in
fIight-. The Iossin ~t resukingfiom projection of the aileron
brakes on the airplane would probably have to be restored by
an ticreqse in the wing angle of attack to retain oonstant lift
and avoid excessive accelerations and sinking speeds. This ‘“
increase wouId result in approximately a constant induced
drag and an increase in the total wing drag because of the
larger profile drag resulting horn the higher wing aqgle of
attack and the projected aileron brakes. In order to ilk+ -‘—
bate the changes in AODobtained at constant Iift coeflioient
for various aileron projections owx the E&ooaf6cient range,
some of the data of figures 8 to 23 have been analyzed knd. ..r _
plotted as shown in figure 24. The WA.W.Sof ACDresulting
from a.ikron projectio~ -withangIe of attaok varied to main-
tain constant lift coeilicient, increased with ‘increasein aileron
projection and fip deflection and, for a given aileron pro-
jection, AcD was usually fairIy constant over the lift-
coefllcient range. In addition, the incremental drag VCIUCS
were negligibly fiected by changes in Mach and ReynoIds
numbers.

-L.

The plug and retractable ailerons produced approximately
simdar values. of ACD on each wing model, but the ttio –
ci.rda.r-phg ailerons generally produced the highest v&es
of AC’D on the -NACA 65-210 vring modeL The data also
show that more positive values of ACDwere usually obtained
on the hTACA 65~215 wing than on the hTACA 65-210 wing
at corresponding aileron projections and lift coticients;
howeww, the large changes in Ac. observed for the plug
ailerons on the NTACA 65fi215 wing at small projections ‘
(@e. 16 to 19, and 24) result principally from the sudden”---
opening of the ping sIot rather than from the projection of “--
tie aileron aIone, as was disoussed for the laterahontzd “”
invdgation reported in reference 5.

IuorementaJpitchfng-mom.ent ooeftlcient AC~.—In general,
t-he dues of ACL obtained at mrioue aikon projections
beoame more negative (or less positive) with inoreaee in
angle of attack in a.U flap conditions and became more -
negati~e with increase in atieron projection in the flap- -
retracted conditiom Changes in the Mach and Reynolds

.“
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numbers generaIJyhad a negligible or an inconsistent effect
on the values of AC. obtained in all flap conditions, and
the values of ACn usually became less negative (or more
positive) with increase in flap deflection. Because ill values
of AC. were fairly small, however, the i.ncrementaI wing
pitching moments would probably be easily himrned on an
airplane, regardlessof ffap condition or aileron configuration.

EFFECT OF AILERON BltAKES ON AIRCEAFT PERFOBMANC!E

In order to illustrate the utiIity and one of the advantages
to be gained from the changes in Iift and drag produced by
spoiler ailerons when used as glide-path controk on an
airpkme, the descent characterietim from an aItitude of

,40,000 feet of a typical high-pmfomance airplane with and
without glide-path controIs were computed and are presented
in figure 25. Unpublished wind-tunnel data obtained on
the model of a high-performance prope.IIer-driven airpkme
having four engines were used to determine the characteris-
tics of the basic airplane. This airpkme had “awing loading
of 03 pounds per square foot, a wing aspect ratio of 10.18,
and a wing taper ratio of 0.43; in addition, an effective
thrust of zero in the flap:retragted. confition was asswed.
Tho glide-path controls assumed for the airplane vverepIug
ailerons projected 8 percent chord above both wing panek,
ancl the incremental data used for the glide-path controls
were taken from data obtained on the NACA 65r215 wing
(fig. 16). AIthough the NACA 65,-215. wing had a Iower
aspect ratio than that of the assumed airpla~, the lift
coefficients at which the assumed airplane flow, in the
illustrative esample, wore Iow enough to minimize differrmces
in the induced dr@ and, hence, the incremental drag resuIting
from aileron projection. For other cases, however, partic-
ularly at high Iift coefficients, differences in aspect ratio may
cause appreciable drag cliffercnces which shouId be considered
in a performance analysis. The airpIane descent was
assumed to start at an altitude of 40,000 feet and a Mach
number of 0.7, and the airplane maintained this Mach
number untiI an indicated airspeed of 45o miles. per hour
was reachecl. This indicated airspeed was then maintained
for the remainder of the descent to sea level.

As can be seen froin figure 25, projection of the pIug aihmon
on both wing panels of the airplane decreased the time re-
quired to descend from 40,000 feet to sea lewd from 12.3 to
3.3 minutes.- Also a decrease in the horizontal distanco re-
quired to reach sea level of approxhnateIy 73 miles was
eflected (a straight line of descent was aesumccl). This saving
of time nnd clistancein descending from high altitudes would
be particularly important for an emergency condition, such
as failure in the cabin pressurizet.ion, and also for normal
operating conditions, such as at the termination of a long-
distancc flight at the.most efficient altitude (reference 12).

The illustrative example presented in the foregoing discus-
sion was computed with the assumption that the airp~ane
angle of attack was varied to maintain t,hoproper Iift coeffi-
cient with the flap retracted. This metliod of operation,
however, may not bo the most effective one. Deflection 01
the flap and aikons simuItaneoualy to provide the nccexary
lift coefficient at a constant angle of attack-and, at the same
time, to increase the drag-or deflection of the ailerons with

the flaps deflected may result in Iargcr dccrcases in the time
and distance required to reach sea level thtinnrc shown in the
illustrative example. However, other problems, such M
downvmsh fluctuations in the region of the tail plane nml
excessive flap loads possibly encountwml at high MILrhnum-
ber, may complicate or prewmt such means of opwmlion.
For the illustrative example (wherein a –S-pcrcenkrhml
aileran projection was employed), in order to nmintain a con-
stant a approximately a 10° deflection of the full-sprm fltip
would probably be required for simultaneous operation of
flap and ailerons as glide-path controk. In general, the
simultaneous use of the flaps and the aileron bralics will prob-
ably depend on the variation of lift and pitghing nmmrnl
desired for pmticular maneuvers, such as fighter condml
maneuvers, in which only a dmg inc.rcmcnt is dusircd.

In tidd~on to “theiractio~ as glide-path c&~trols,$poilcr-
aileron brakes provicle the added ttdvantngc of dccrmsing
wing bending moments by moving the spanwisc center of
loading i@oard on the wings, as shown in figure 2t3. This
Lffec.tis particularly important MM-Ibeneficitil for airphnws
during descent at high speeds and Icssens the possibilil,y of
structural failure during this maneuver,

Projection of the aikrons with the flaps deflcctccl in ii land-
ing approach would aIso substantially aid the tiirphmc ill
landing over high obstticles and on short hmding fkhls and
would appreciab~y dcc.reasc the Iength of lrmding run. The
use of spoiler ailerons m speed brakes to limit or rcdmw nir-
plane speed in a dive or to reduce riirpltinospwd nlpidly in
order to increase fking efficiency of fightw nin’mft is nko

feasible, as is appnrent.from tho datn previollsly Imwmtml.
Another functional advantnge ob[ainnblc witl! spfiilcr-

aileron brakes is the possible usc of the ailerons as n gust-
alleviation device. Bccauso of the relatively greater ndvrrsc
effects on passenger riding comforL tind wing structural ]oads
of gusts at high speeds, an mltomtitic spoiler-aileron gust-
alleviation system shouId be gbren duo considerntio~l.

Although a comparison of the chnnlctcristics of the spoilrr-
aileron speed brakes discussed herein with the Aaracturisl.ica
of other brake devices (such as ihosc of rcfcrmms 13 b 15)
is not presented, several advantngos of the aileron bralws nm
readily apparent. These acivuntagw include: The vtirittbIo
braking control permitted by {IN tiilcron bmkce as compnred
with the inflexibility of control of some of the other devices;
the use of spoiler-aileron brakes WOUMobvia (C the mwssily
of inducting scpamt.e braking de-rices on au nirpIatw; thc

aileron brakes may be used, retracted into the wing, and
immediately used again, but a pamchutc brake can lw used
only once bcforo disposa~or repncking (on the ground) and .
is iuflexiblo in control; and ako, tho spoiIer-aiIcron dcvicc
would not advemely affect the effectiveness of adjoining wiug
controls, whereas other devices may “(rofcrcncc 15). In
addition, unliko reversible-pitch propeller brakes (rrfercncc
16), spoiler-aileron brakes may bc ,used on aircrttf~.having
diverse propulsive systems and would obviate any complmit~-
involved in” the use of propeller brakes on conven! .4mally
powered aircraft. The projected ailerons, whet used m
glide-path controls or spmxl brakes, probably would not
caum severe tail buffeting inasmuch as th~ tiiIerons arc
placed on the outboard pnrt of the wing nwr the tip, and the
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vralce formed by them would be outboard of the tail surfaces.
Few data are ava.ilabIe, however, concerning any induced
effects of the aderon brakes on the wing domumish or on
fluctuations in the downvash, and further investigation of
such effects may be desirable.

ROLUSG CHAEAC1’ERISITCS OF TEE SPOILEE AILZBOXS 13SED AS SPEED
BRAKJM OR GIJDS-PATE COXTBOIS

In references 3 to 5, the rolling effectiveness of the pIug
and retract-BbIeailerons on the hTACA 65–210 and hTACA
65~215 wings was showm to be very satisfactory for normal
operation from the retracted aileron position. In order to
illustrate the rdl.ing effectiwness of these aiIerons from a
projected position—that is, when they are used as glide-path
controk or speed brakes-some of the data pretiotiy
presented in references 3 to 5 have been repIotted, with
zero rcIIing moment corresponding to some tite aiIeron
projection on both semiepans of a compIete wing, and are
presented in figures 27 to 29. The dues of Iift coefficient
and angle of attack listed on these &res are those obtained
viith the ailerons in the raised position on both wing paneIs.

These data indicate that the rolling effectiveness produced
by the plug and retractable ailerons from a projected-aiIeron
neutraI position was -rery satisfactory, particwhirly for the
flap-deflected condition. For normal operation from the re-
tracted aiIeron position, sin aiIeron contrcd-stick differential
providing approsimateIy equaI up and do-i-inprojections will
probabIy be required for the pIug aiIerons; whereas a differ-
ential protiding large up projections and Iitt.laor no down
projections for lateral control may be required for the r~
t-ractabIe derons. However, when the aiIerons - aIso
used as speed brakes and glide-path controIs, any extreme
aiIeron controI-stick differential norn@y employed for
lateral contiol (such as that for the retractable ailerons)
youId probably ha-re to change as the brakes project on
both semispan wings, so that an deron control-stick Iinlmge
allowing approximately equal up and down projections viouId
be obtained for moderate brake projections on both wing-
panels.

~O~CLUSIONS.

A wind-tuuneI investigation was made to determine the
characteristics of phg and retract-ableailerons used as speed
bralies or gIide-path controls on an h’ACA 65–210 and an
NACA 65~215 wing equippecl with fn.11-spa.nsIotted flaps.
The investigation was performed d various Mac-h numbers
from 0.13 to 0.71. The results of the. investigation Ied to
the following conclusions:

1. The time for descent and distance for descent from
high altitudes and wing bending moments can be greatly
reduced by use of spoiler ailerons as brakes.

2. When used as speed brakes or glide-path controk+,the
rohg effecti~eness of pIug and retractable ailerons need
not be impaired w compared with t-heeffectiveness of the
aiIerons from the fully retracted position.

3. The incremental values of drag coefficient AcD pro-
duced by projection of the aiIerons on both wing paneIa of
a complete vring generally became more positive with in-
crease in aileron projection *d flap deflection and mere in-
consistently or negligibly affected by changes in Mach
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number. In addition, the ailerons genemlIy produced larger ._,
increments of drag on the thicker wing model.

4. The increment m Iift coefficient AC~ produced by pro-—
jection of the aderons generally became more negative with
increase in tieron projection, tlap deflection, and Mach and
Reynolds numb- -.

5. In general, the increment-almhws of pitching-moment. ...—
coefficient AC= produced by projection of the ailerons were
fairly small, varied only slightly tith dmnges in angle of
attack, Mach number, aileron projection, or flap deflection
and were about the same on both wing models.

L.UYGLEY AERONAUTICAL LABORATORY,
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FIGUEEu.-Camperfem of eetfrnetd ela@ tie and ground dfstance omred dIU_@Zdtint of a ty~~l ~~e from MI ~~tud~ of ~,~ f~t ~~ ~d ~ltho~ts gud~petll
mntrol. Plug ailerons refeed to 8+eroent-ohord pro@tIon on botb smdepan W@ need m glId+peth oontzol. (AsuDM afrplene t=mdMonx wing lcadhig, M lb/eq ft: wfng mpret
nitio, 10.l& wfng tape$ ratio, 0.4$ effeetlve propeller thruet, O;&=O”; M-O.7 rmtfl Vi-W3 mph b dtahed.)
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FIOUItE‘33.-Eflectof aileronpro&mtIonon wtn&LwDelspmvt.%erenter of premre of the
NAOAo&?16wfngwith mtrechble ailerons. Pleln whr~ -M=O.19.
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Aiterm .oro@f&, percent chord .

(a) af-r, M-O.87.
m +46”, M-O.13.

FIaua~ f#7.-VariaHonof rdltng-moment merneknt of eornpletewfng witi PrOkdbn of
double-weflclmnferphrgaileronon onemrnfepmofNAOA06-210wfng. Neutnil pwltfon
of eUemrW -79-pereent+hord Fojeetlon on kdh wnkpene of 8 mmpIete wfng. (See
referenee 4.)
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IXWSTIGATIOX OF SPOIIJ3R AILERONS FOR USE AS SPEED B~S OR GLIDE-PATH C02iiOLS

Aiferm pro@cfbn, ,nercenf chord

(a) 3/-0”, M-O.4L.
(b) Jf-45”, .Jf=o.la.

FmTJSB 2&-Varhtbnd rdfng-moment mefEdentofwmpIetewfngwith IE@ctfon of
-C rekacfabre aileron on one .-pal of NAUA &-m W’&. Neuhal pcsMm of
fJkIOnK -7.GWmnMMrd Pmfmtion on both .5em@3m of a mmpkte wfngi (See
cekrence 3.)
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. (a) al-o”, .M=OJ9.

(b) 8r=45”, M=O.13.

FK+m 29.-VarMfon of dlfng-moment coeffkient of mmpIete wfng wfth Pjeotion of
S@ aflemn on onEs.em@n of NKIA IMI-2Mwing. Xeotml posftlon of deroos -8.0
WrmUtad ~roemhothw~ ofacmnpIete * &mefemnce 6.)
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